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The present study proposes a methodology to identify spatial patterns in airborne radioactive particles in
Europe. The methodology is based on transforming the activity concentrations in the set of stations for
each month (monthly index), due to the tightly spaced sampling intervals (daily to monthly), in com-
bination with hierarchical and non-hierarchical clustering approaches, due to the lack of a priori
knowledge of the number of clusters to be created. Three different hierarchical cluster methodologies are
explored to set the optimal number of clusters necessary to initialize the non-hierarchical one (k-means).
To evaluate this methodology, cosmogenic beryllium-7 (7Be) data, collected between 2007 and 2010 at
19 sampling stations in European Union (EU) countries and stored in the Radioactivity Environmental
Monitoring (REM) database, are used. This methodology yields a solution with three distinguishable
clusters (south, central and north), each with a different evolution of the 7Be monthly index. Clear dif-
ferences between monthly indices are shown in both intensity and time trends, following a latitudinal
distribution of the sampling stations.
This cluster result is evaluated performing ANOVA analysis, considering the original 7Be activity
concentrations grouped in each cluster. The statistical results (among clusters and sampling stations
within clusters) conﬁrm the spatial distribution of 7Be in Europe, and, hence, reinforce the use of this
methodology. Finally, the impact of tropopause height on this grouping is successfully tested, suggesting
its inﬂuence on the spatial distribution of 7Be in Europe.
For airborne radioactive particles the analysis gave valuable results that improve knowledge of these
atmospheric compounds in Europe. Hence, this work addresses a methodology to a grouping of airborne
sampling stations, 1) allowing a better understanding of the distribution of 7Be activity concentrations in
the EU, and 2) serving as a basis for further investigation of the heterogeneity of airborne radioactivity
concentrations in Europe.
© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The airborne radioactive particles have an important radiolog-
ical signiﬁcance because of their health impact effects (e.g. Radon
(Bowie and Bowie, 1991)) or because they may act as tracers for
atmospheric processes (e.g. 7Be and 210Pb (Lozano et al., 2012). Due
to their importance, there are worldwide networks for radionu-
clides measurements (e.g. EUropean Radiological Data Exchange
Platform (EURDEP) and Comprehensive Nuclear-Test-Ban Treaty
Organization (CTBTO)) with the purpose of monitoring its temporal
and spatial variability.. Hernandez-Ceballos).
Ltd. This is an open access article uThese networks are composed of stations placed in awide range
of geographic locations. Many authors have demonstrated the
impact of topographic (mountains, valleys, plateaus) (Gerasopoulos
et al., 2003) and meteorological conditions (Krajny et al., 2014) on
the variability of radioactive particles measurements. In Europe,
many studies have described radioactive concentrations in surface
air at single sampling stations (Carvalho et al., 2013; Tositti et al.,
2014) pointing out the large set of heterogeneous sampling sta-
tions in terms of airborne radioactivity concentrations. This fact is
also well observed considering recent analysis carried out (Kulan,
2006; Hernandez-Ceballos et al., 2015).
A comprehensive analysis of radionuclides distribution at Eu-
ropean level identifying spatial distribution patterns has not yet
been undertaken. This analysis would allow a better understanding
of the heterogeneity in activity concentrations measured in the EU,nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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concentrations present similar patterns. This information would be
useful, for instance, to identify and discriminate anomalies (false
positive and negative) in measurements carried out in sampling
stations.
Considering these beneﬁts, with the purpose of exploiting the
similarities/dissimilarities among sampling stations in the EU, we
propose a methodology based on 1) transforming the activity
concentrations in each station to monthly index values, and 2)
combining hierarchical and non-hierarchical clustering ap-
proaches, to identify spatial patterns in airborne radioactive
particles.
In the case of airborne radioactive particles, the use of different
tightly spaced sampling intervals (daily, weekly, monthly, quar-
terly) and the non-homogeneity in the deﬁnition of the sampling
period (start-end) limit the direct use of the local sampling data-
bases in cluster analysis. In this sense, a previous homogenization
process of the databases is required. To overcome this restriction,
the calculation of the monthly index is suggested and tested in the
present work to be taken as reference to apply cluster analysis on
radioactivity concentrations. This dimensionless magnitude has
been previously used to study airborne radioactive concentrations
(Todorovic et al., 1999; Kulan, 2006), because it is appropriate for
the direct comparison of seasonal ﬂuctuations with highly differing
activities and/or substantial long-term changes.
On the other hand, cluster analysis is widely applied in research
studies in order to deﬁne groups that help to simplify and under-
stand a large quantity of information on the basis of a speciﬁc ag-
gregation variable (e.g. Adame et al., 2012; Wegner et al., 2012).
Two different approaches based on these algorithms can be used to
simplify information, viz. hierarchical and non-hierarchical
(Everitt, 1980). In the present work, following the suggestions of
Maitra et al. (2010), and recently applied in Austin et al. (2013),
these two algorithms are combined, based on the use of hierar-
chical cluster methodologies to initialize the non-hierarchical one
(k-means).
To evaluate this methodology, we have used the 7Be activity
concentrations measured in surface air from 2007 to 2010 by EU
Members States in 19 sampling stations and stored in the Radio-
activity Environmental Monitoring (REM) database at the Institute
for Transuranium Elements of the European Commission, Joint
Research Centre (JRC) in Ispra (Italy) (http://rem.jrc.ec.europa.eu/).
The validity of the results is evaluated statistically by applying the t-
test and ANOVA analyses.
Taking into account the positive correlation between the
tropopause height and the concentration of 7Be in the surface air
reported in Ioannidou et al. (2014), the present work also performs
a ﬁrst approach to understand the impact of this parameter on the
7Be spatial distribution in EU. The positive correlation between
both parameters would reﬂect both downward transport of upper
tropospheric air within anticyclonic conditions and lower scav-
enging rates.
Therefore, this study intends to address the following issues:
- To evaluate a methodology for further clustering research in
case of tightly spaced sampling intervals;
- To identify regions with similar behaviour of 7Be activity con-
centrations in the EU;
- To suggest the inﬂuence of tropopause height on the space
distribution of 7Be activity concentrations.2. Materials and methods
2.1. Database and sampling methods
Within the European Commission, the Radioactivity Environ-
mental Monitoring database (REMdb) is a unique resource of
consistently structured information for anyone wishing to handle,
analyse and compare environmental radioactivity data. The data
have been obtained from data transmitted directly to the Com-
mission by the national competent authorities. More information
on the REM database can be found on the web site (http://rem.jrc.
ec.europa.eu/RemWeb/activities/Remdb.aspx). The 7Be database
stored in the REMdb is public until 2006, and the access to the data
corresponding to the 2007e2011 period can be granted only after
explicit request.
Taking as reference the set of stations belonging to the sparse
monitoring network of REMdb (34 sampling stations in total),
which integrates a number of representative locations in each EU
country with high-sensitivity measurements of 7Be, the selection of
the stations in this work is a compromise between 1) working with
the maximum number of stations, and 2) having a representative
set of 7Be data to depict its yearly, seasonal and monthly variability
in each station, in order to obtain an illustrative set of results.
With the aim to achieve these requirements, the 7Be measure-
ments between 2007 and 2010 at the 19 sampling locations indi-
cated in Table 1 and shown in Fig. 1 were used in the present work.
These measurements were mainly collected in weekly sampling
intervals, although in Helsinki were mainly obtained with daily
temporal resolution. This reference period has been selected to use
a large number of available stations with weekly data availability
greater than 60% (more than 136 considering the total number of
weeks during 2007e2010 (228)). Table 1 shows that most of the
stations have a greater availability of data than the expected one
(even above 90%), ensuring an adequate representativeness of the
results.
Airborne particulate sampling was carried out by pumping air
through ﬁlters at a ﬂow rate of several hundred cubic metres per
day. Further information on the procedure to collect aerosol sam-
ples from ground level air at each sampling station can be consulted
in the Supplementary Material (Table S1).2.2. Calculation of monthly index
The heterogeneity of the temporal sampling measurements
within each station limits the direct comparison of data among
them. For this reason, to be able to apply a cluster analysis it is
necessary to transform the measurements. In this work, we have
used themonthly index deﬁned in Ferris (1998) and Todorovic et al.
(1999).
Brieﬂy, Eq. (1)e(3) show theway to calculate themonthly index.
It is calculated as the ratio between mean monthly activity and the
overall average activity in the selected period. For each time period,
the activity is expressed in percent (%) of the monthly average. The
monthly index values for the selected period are estimated using
the mean value of the weekly activity (Wn), the average of the
weekly means over one year (OAPA) and the weekly index (Wi)
values as follows,
OAPA ¼
P52
n¼1Wn
N
(1)
Weekly Index ðWiÞ ¼
Wn
OAPA
(2)
Table 1
Name, coordinates (Latitude, longitude and altitude above sea level), and the number of observations of air surface 7Be activity concentration in each station during the
sampling period (2007e2010).
Stations LAT (decimal degrees) LON (decimal degrees) Altitude (m a.s.l) Number of observations (samplings on 2007e2010)
Ivalo 68.64 27.57 130 203
Umea 63.85 20.34 45 184
Helsinki 60.21 25.06 12 1208
Kista 59.4 17.93 16 206
Harku 59.39 24.58 36 208
Risoe 55.69 12.10 9 206
Bilthoven 52.11 5.18 4 210
Offenbach 50.1 8.77 107 169
Praha 50.09 14.42 202 204
Luxembourg 49.63 6.13 280 204
Vienna 48.22 16.35 193 210
Freiburg 48.20 7.87 411 168
Milano 45.47 9.18 125 223
Bilbao 43.17 2.94 380 209
Barcelona 41.38 2.12 52 207
Madrid 40.45 3.69 715 209
Sacavem 38.72 9.13 87 147
Sevilla 37.39 6.01 8 206
Laguna 28.46 16.29 358 208
Fig. 1. Map with the locations of the 19 sampling stations included in the sparse database for 7Be in airborne particulates.
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P
Wi
NW
(3)
where n is the corresponding week number in a year, N is the
number of weeks in a year (52) and NW is the number of weeks for
each month.2.3. Statistical analysis
2.3.1. Cluster methodology
Cluster analysis technique is often used to deﬁne groups thathelp to simplify and understand a large quantity of information
(Solazzo et al., 2012). In the present work, this technique was used
to deﬁne groups (clusters) of monitoring stations with similar
characteristics on the basis of the temporal evolution of the 7Be
monthly index. The methodology (ﬂow diagram) applied in the
present study is displayed in Fig. 2.
Since no previous knowledge was available regarding the
possible number of clusters, a methodology based on the use of the
two different clustering algorithms, namely “hierarchical” and
“nonhierarchical” clustering (Everitt, 1980), was used. We have
used hierarchical clustering methods to identify the number of k-
centres needed to initialize non-hierarchical (k-means) method
Fig. 2. Flow diagram of the cluster methodology combining hierarchical and non-
hierarchical methodologies implemented in this analysis.
M.A. Hernandez-Ceballos et al. / Journal of Environmental Radioactivity 155-156 (2016) 55e6258(Maitra et al., 2010) in order tominimize the inﬂuence of outliers on
the solution in our small dataset (19 sampling stations).
The hierarchical approach used in this work was the agglom-
erative one (“from the bottom up”). It means that the clustering
method starts with each station as a single cluster, and step by step
stations are joined until they have all been grouped into one cluster.
This aggregation, independently of the clustering methodology, is
based on grouping similar elements together whereby differences
among individual elements in a cluster are minimized and differ-
ences among clusters are maximized.
Three different hierarchical clustering methods, viz. Ward's
method, the simple linkage (nearest neighbour) and complete
linkage (farthest neighbour), were used with the purpose of veri-
fying the selection of the optimal k-centre number (hereafter OCN).
The use of three methods is based on the fact that the less the
clustering result depends on the cluster method chosen, the better
will be the quality and robustness of the ﬁnal solution. The use of
these techniques has been previously tested in earlier analyses
(Hennig, 2008; Nasibov and Kandemir-Cavas, 2011).
In all of them, we have used the squared Euclidean distance as a
metric to measure the degree of similarity or dissimilarity between
cases in the set, and the variation of the linkage distance to specify
the distance at which the respective elements are progressively
linked together into a new single cluster. Following the method-
ology deﬁned in Stunder (1996), the OCN was associated with the
largest increase (‘‘break point’’) of the linkage distance that in-
dicates a grouping of clusters that are not very similar. This increase
suggests where to select the OCN, which is the step just before this
increase. In the present study, following the instruction of Stunder
(1996) to cluster a small number of elements (<30), the ‘‘break
point’’was associatedwith the ﬁrst variation of the linkage distance
above 30%. This value is associated with the fact that the number of
clusters is a balance between the advantage in decreasing the
variability in the diagnostic ratios within clusters and minimizing
the number of single clusters in a given solution (Austin et al.,
2013).In case that themethods suggest different OCNs, the OCNwill be
associated with 1) the most common OCN value in case of repeated
values and 2) with the largest increase of the linkage distance ob-
tained in all clustering methods in case of non-repeated values.
Once the OCN has been deﬁned, this value is used to initialize
the non-hierarchical k-means method. This cluster technique is
used to split observations (stations) into k different groups, yielding
a solution that minimizes the distance between the observations
and maximizes the between-cluster variance (Kim et al., 2008). To
perform this grouping, the methodology to select the centroids
(cluster centre) in the initialization stage of the k-means method
was to choose the ﬁrst N (number of clusters) observations as the
initial cluster centres. All the analyses were conducted using the
STATISTICA 10 software.
2.3.2. Anova
The data have been analysed using tools of descriptive statistics
such as the box plot and inferential statistics such as ANOVA.
ANOVA was used to calculate the proportion of the variation of
7Be activity concentration explained by the clusters and stations.
The fraction of the variation explained by cluster was determined
using monthly index values. Instead the fraction of the variation
explained by stations was determined using 7Be activity concen-
trations considering all the stations in Europe and the stations
belonging to each cluster. F statistics was used to measure signiﬁ-
cance level (p-value) and the values are reported to check if the
results found are statistically signiﬁcant (p < 0.05). STATISTICAwas
used to perform ANOVA analysis.
3. Results and discussion
3.1. Cluster number deﬁnition and characteristics
3.1.1. Cluster composition
Fig. 3 represents the overall variability of linkage distance
alongside the number of single-site clusters for each hierarchical
cluster methodology used in this work (Ward's method, the simple
linkage and complete linkage).
In this ﬁgure, different ranges on linkage distance are shown for
each methodology, but always, from left to right, the distance
increased as the number of cluster decreased, representing the
grouping of elements or clusters more and more different.
Following the methodology deﬁned previously, the OCN was 4
using the single linkage, while it was 3 using the complete linkage
and Ward's method. As shown in the case of single linkage, the
largest increase in the clustering process was 12%, so we took this
value as reference. The similar OCN obtained in each method
increased the stability of the OCN selected and indicated that re-
sults were fairly robust to the use of different cluster
methodologies.
Considering these results and the methodology previously
explained, the ﬁnal OCN in the presentworkwas 3. Oncewe had set
the OCD number, the k-mean method grouped the 19 sampling
stations into three groups. Fig. 4 displays the location of each
sampling station included in each of the three clusters.
This ﬁgure shows that the three clusters correspond to three
geographic areas, covering the North, Centre and South areas of
Europe. This distribution pointed out clearly the latitudinal impact
on 7Be activity concentrations and, hence, followed previous
analysis in which the 7Be concentrations were mainly explained
according this factor (Kulan, 2006). In the light of this, we could
suggest that the impact of local factors such as local topography or
meteorological conditions was limited in the composition of the
clusters, and that, therefore, the groups were mostly marked by
differences in the impact of climatic conditions and by the
Fig. 3. Variation of the total linkage distance in the 19 steps corresponding to a) single linkage, b) complete linkage and c) Ward's method. The step associated with the maximum
variation of the linkage distance in each method is indicated.
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instance, stratosphereetroposphere exchange in the case of 7Be,
e.g. Sprenger and Wernli, 2003).3.1.2. Monthly index analysis
The identiﬁed clusters have been analysed ﬁrstly considering
the monthly index values (Table 2).
The mean series of the 7Be monthly index in each of the three
clusters from 2007 to 2010 is shown in Fig. 5. Each temporal series
was calculated averaging the corresponding monthly indexes of all
the stations belonging to each cluster.
This ﬁgure shows that the factor common to the clusters was
that the maximum levels were registered during the warmmonths
(May-June-July) while the minimums ones were reached during
the cold ones (November-December-January), in agreement with
other studies (e.g. Due~nas and Fernandez, 2002; Yamamoto et al.,
2006; Tositti et al., 2014).
This ﬁgure mainly indicates how the overall 7Be monthly evo-
lution differed between clusters. The northern cluster displayed
two pronounced and consecutive peaks in warm months with a
decrease between them. However, more than this evolution, the
contrasting signal between this cluster and the others, was
observed in the behaviour of minimum values. This evolution
showed a progressive increase from October to November until
January, decreasing then in February and increasing after this
month. The presence of this secondary maximum in cold months
can be explained by an increase in the stratosphere-to-troposphereevents during this season, as already reported by several authors
(e.g. Trickl et al., 2010). In the case of the Central cluster, two ten-
dencies were registered during the 2007e2010 period. In
2007e2008, a clear monthly peak followed by a decrease was
observed, while in 2009e2010, two clear peaks with a decrease in
the middle were observed. Finally, the southern clusters registered
the most different monthly index evolution. The minimum was
well identiﬁed in the cold months, but there was not a clear
monthly peak in spring or summer, registering a plateau of monthly
index values. The evolution also showed different behaviour in the
maximum values between years, similar to what was observed in
the central cluster and in previous studies carried out in the Iberian
Peninsula (Alegría et al., 2010).
This different monthly evolution can be justiﬁed by the different
impact of the stratospheric-to-troposphere exchange events, which
mainly govern the variations of 7Be activity concentrations near the
ground level (Stohl et al., 2000). This impact mainly depends, on
short time scales, on the changes of synoptic meteorology
(Gerasopoulos et al., 2001). In this sense, the differences in the
synoptic weather patterns is well-known (high and low pressure
systems) governing the regional meteorological conditions in
Europe during the summer and cold time, and therefore, the arrival
of air masses with different pathways and origin over each region
(e.g. Lozano et al., 2012).
In the same line, at mid-latitudes, the concurrence of different
factors, such as higher tropopause height (e.g. Ioannidou et al.,
2014), persistence of anticyclone conditions (no wet removal of
Fig. 4. Map with the locations and the number of stations included in each of the three clusters.
Table 2
Identiﬁcation name, number of stations, average and standard error of monthly
index for each cluster.
Cluster Number of stations Monthly index
Mean SE
C1 - North 6 0.9987 0.0196
C2 e Centre 7 0.9785 0.0178
C3 - South 6 0.9802 0.0156
Fig. 5. Mean monthly evolution of the 7Be monthly index in each cluster.
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upwards and cold air from the upper troposphere transported
downwards), and the stratospheric intrusions during tropopause
folding events govern the occurrence of maximumvalues, while, on
the other hand, typical processes of the cold period, such as highrelative humidity conditions, resulting in increased particle sizes of
atmospheric aerosols, and so, higher scavenging rate of aerosols, or
the occurrence of strong rainfall events can cause the decreased
activity concentrations in the surface air (Kotsopoulou and
Ioannidou, 2012).3.2. 7Be activity concentrations
Having deﬁned the number and composition of each cluster and
checked the differences in the evolution of the 7Be monthly index,
we have analysed the 7Be activity concentrations of each cluster
considering all measurements registered in each sampling station
from2007 to 2010. In doing this, we have evaluated the distribution
and the composition of each cluster in terms of 7Be concentrations,
which is the real objective of this study.
The box-and-whisker plots for each of the clusters are presented
in Fig. 6. This methodology is widely used to have a ﬁrst overview of
large amounts of data, showing the frequency distribution of the
values (Tukey, 1977). The results displayed the differences among
clusters, showing a systematic increase with decreasing latitude on
7Be mean activity concentrations from south to north. This
behaviour revealed the impact of latitude on 7Be concentrations.
The maximum values were reached in the south cluster (mean of
4.1 mBq/m3), while the lowest were registered in the north (mean
of 2.3 mBq/m3).
Following this line, the northern cluster was associated with
signiﬁcantly lower values of the 75th and 95th percentiles (P75 and
P95, respectively) than all other clusters, although the corre-
sponding values of P99 were similar to lower latitudes. The larger
variability (inter-quartile range) was found in the central cluster,
which can be associated with the large number of elements
included, whilst the smallest is found in the north one.
The percentage of variation of 7Be activity concentrations
Fig. 6. Box-plots of 7Be measurements of each cluster for the whole sampling period
(2007e2010). The rectangle represents the 50% of data (inter-quartile range from 25th
to 75th percentile), the small square identiﬁes the mean, the horizontal line inside the
rectangle identiﬁes the median (50th percentile), the whiskers extend between the 5th
and 95th percentiles and the crosses identify the 1st and 99th percentiles respectively.
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ANOVA analysis (see detailed results in Table S2 of supplementary
material). The analysis shows that 13.4%,12.6% and 9.6% of variation
is explained respectively by the stations within cluster 1 (north),
cluster 2 (central) and cluster 3 (south). These values are much
lower than the percentage of variation of 7Be explained by stations
at European scale (34%). This value is in agreement with the one
(39%) obtained in Hernandez-Ceballos et al. (2015) considering 32
European stations. This decrease of variation considering the sta-
tions at cluster level indicates that the cluster distribution and
composition obtained in this work were able to explain the 7Be
variation in Europe. Furthermore this variation at cluster level
points out the inﬂuence of synoptic and regional atmospheric
patterns.
According to the results obtained here, this approach, based on
calculating the monthly index and applying clustering methodol-
ogy, was sufﬁcient to capture differences in 7Be activity concen-
trations across different sampling points in the EU. Therefore, the
methodology proposed in the present study based on trans-
formation to monthly values and in the combination of hierarchical
and non-hierarchical clustering approaches has shown itself useful
1) to compare databases with different temporal patterns, and 2) to
simplify large amounts of data when there is no a priori knowledge
of the number of clusters to be created.Fig. 7. Box-plots of tropopause height frequency distribution of each cluster for the
whole sampling period (2007e2010). The rectangle represents the 50% of data (inter-
quartile range from 25th to 75th percentile), the small square identiﬁes the mean, the
continuous horizontal line inside the rectangle identiﬁes the median (50th percentile),
the whiskers extend between the 5th and 95th percentiles and the crosses identify the
1st and 99th percentiles respectively.3.3. First approach to the impact of tropopause height on 7Be
clusters deﬁnition
In section 3.1.2 the impact of tropopause height was suggested
as one of the key factors of the spring-summer 7Be maximum
concentration. This suggestion is in line with previous studies (e.g.
Davies and Schuepbach, 1994; Bonasoni et al., 1999) reporting that
a tropopause descent is often associated with the injection of
stratospheric air into troposphere. Recently, Ioannidou et al. (2014)
reported a strong positive correlation between the seasonal
changes of the tropopause height and the concentration of 7Be in
the surface air at Thessaloniki (Greece) in 2009, suggesting that the
tropopause height is a good indicator for transport time of air
masses enriched in 7Be to the surface. Taking this result as refer-
ence, in this section, we want to investigate the degree of re-
sponsibility of this parameter on the 7Be cluster results obtained inthe present work.
Following the methodology indicated in Ioannidou et al., 2014,
to determine the tropopause height, we calculated its daily evolu-
tion at each sampling station for the period 2007e2010. Fig. 7
displays the box-and-whisker plots for tropopause height in each
of the clusters previously obtained (north, centre and south). The
results showed the tendency to increase the tropopause height
with decreasing latitude. The lowest mean values have been
observed in the north cluster (10 km), while the maximum mean
values are registered in the south cluster (at around 12.6 km). The
mean value of the central cluster was 11.0 km. This variation was in
agreement with the impact of latitudinal and seasonal dependence
of solar irradiation as well as the changes due to weather patterns
on space and time variability of tropopause height (e.g. Schneider,
2004).
To determine whether this parameter have a similar behaviour
of 7Be, the ANOVA analysis was performed using the tropopause
height data. In Table S3 in the supplementary material, the per-
centage of the variation of tropopause height explained respec-
tively by all the stations considered in Europe and in each cluster is
reported.
ANOVA results showed that the percentage of variation of
tropopause height explained by stations (at European scale) was
about 45% (see detailed results in Table S3 of supplementary ma-
terial). The analysis of each cluster reported values of 5.5% for
cluster 1 (north), 2% for cluster 2 (centre) and 30.0% for cluster 3
(south). The latter value was justiﬁed (not shown) by the large
distance from Laguna to the continental analysis area, and the
differences in the tropopause height variability observed in this
speciﬁc sampling point. Performing the analysis without consid-
ering Laguna, the percentage of variation sharply decreased (5.7%),
and the results showed a perfect agreement with the analysis
performed using 7Be activity concentration data.
Therefore, there was a large similarity between the results ob-
tained with 7Be and tropopause height, which reinforces the strong
and positive correlation between both parameters (R ¼ 0.72 be-
tween mean tropopause height and 7Be activity concentration
considering the 19 sampling stations) and suggests the impact of
tropopause height on the spaced distribution of 7Be in the EU. In
spite of these agreements the link between these two parameters is
being analysed in detail.
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Clustering analysis of 19 monitoring sites in Europe yielded a
solution with 3 distinguishable clusters using the evolution of the
monthly index from 2007 to 2010. The framework presented here
provides 1) a novel methodology with which to identify and further
classify sites on their natural radioactivity concentrations, and 2) a
characterization of the seasonal ﬂuctuation of cosmogenic 7Be ac-
tivity in the European surface air.
The methodology to improve this scheme is based on trans-
forming the 7Be activity concentrations tomonthly values (monthly
index), due to the tightly spaced sampling intervals (daily to
monthly), and in the combination of hierarchical and non-
hierarchical clustering approaches, due to the lack of a priori
knowledge of the number of clusters to be created. The large spatial
variability of 7Be activity concentration has been summarized in
three different behaviours (clusters) in Europe: one in the north,
one in the centre and another one in the south. The statistical re-
sults obtained applying ANOVA analysis have shown the statistical
difference between them, and hence verify this division and the
methodology used.
This division into three groups is totally in agreement with the
dependence of the activity concentration of 7Be with latitude. In
addition, the results obtained here also show that:
- the dimensionless monthly index can be an optimal approach to
analyse and compare sampling stations with tightly spaced
sampling interval (daily to monthly) of activity concentrations;
- a clustering approach which combines hierarchical and non-
hierarchical methods could be a ﬁrst step towards an effective
way of comparing results among a reduced number of localities;
- the characteristics of the sampling sites (geographic) must be
taken into consideration due to their high impact on the spatial
and temporal variability of activity concentrations;
- the impact of the tropopause height on 7Be activity concentra-
tion. This relationship is being studied in detail at the present
moment.
Therefore, this analysis presents valuable results related to the
analysis of this airborne radioactive compound in Europe. In
addition, the results can be taken as the basis for further in-
vestigations, such as to determine the temporal and spatial vari-
ability of stratosphericetropospheric intrusions in Europe and its
impact on airborne concentrations.
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